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Abstract 
Tens of millions of tons per year of CO2 are being captured from raw feed gas by natural gas plants using solvent-based 
technologies comprising a pair of absorber and regenerator, and this CO2 is then being released to the environment. As interest in 
reducing CO2 emissions from natural gas plants has increased in recent years, CO2 capture and storage (CCS) has gained in 
importance. However, if a natural gas plant is provided with a CCS system, additional energy is required to compress the 
captured CO2. Therefore, JGC Corporation and BASF SE have started joint development of a new solvent-based CO2 capture 
technology, called HiPACT (High Pressure Acid gas Capture Technology), which improves the energy efficiency of the CO2
capture and compression units in a natural gas plant. 
HiPACT solvent is robust against the high temperatures associated with solvent regeneration at high pressures. Therefore, the 
regeneration process used in HiPACT can be operated well above atmospheric pressure, which significantly reduces the energy 
consumption of the CO2 compression unit. Further, HiPACT solvent absorbs a larger amount of CO2 per volume unit than other 
solvents, thus resulting in lower energy consumption for pumping and regeneration of the solvent. When compared to 
conventional technology, it is estimated that HiPACT can yield cost reductions of more than 25 percent. 
A recent pilot test has validated the key features of the HiPACT solvent, its thermal stability and CO2 absorption performance, 
and it has been decided to carry out a large-scale demonstration test. 
This paper presents the results of a batch test and a pilot test, both of which validated the key features of HiPACT, and presents
the results of a case study which shows HiPACT’s advantages over state-of-the-art technology currently used worldwide. 
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1. Introduction - CO2 emission in natural gas exploration 
Natural gas, an increasingly important source of energy and chemicals, quite often contains considerable amounts 
of CO2 in the reservoirs. Depending on the location of the fields, natural gas is sold as Pipeline Gas or as Liquefied 
Natural Gas (LNG). These two means of shipping require different levels of CO2 content in the gas: whereas 
Pipeline gas can contain up to a few mole percent of the acidic component, the gas must be virtually free of CO2 to 
avoid operational problems in cryogenic liquefaction processes. Most of this CO2 is captured by solvent-based 
technologies and, then, is released to the environment. This results in tens of millions of tons of CO2 being released 
to the atmosphere each year [1]. 
As interest in reducing CO2 emissions from natural gas plants has increased in recent years, CO2 capture and 
storage (CCS) has gained in importance. However, if a natural gas plant is provided with a CCS system, additional 
energy is required to compress the captured CO2.
Further, solvent regeneration in the carbon dioxide capture unit accounts for a large percentage of the total energy 
consumption in natural gas plants. In fact, it was reported that the energy consumption in the CO2 capture unit 
corresponded to CO2 emissions equivalent to 20% of the captured rate [2]. 
Thus, it would significantly improve the energy efficiency of natural gas plants with CCS and thereby further 
benefit the environment, if the energy efficiency of the carbon dioxide capture and compression units could be 
improved. 
2. Concept 
2.1.  Concept of HiPACT 
To improve the efficiency of such a CCS system, JGC Corporation and BASF SE started development of a new 
technology to be used in the acid gas removal unit (AGRU), called, High Pressure Acid Gas Capture Technology 
(HiPACT).   
JGC and BASF started their development by screening a number of solvents to be used for HiPACT.  One of the 
major objectives of HiPACT was to operate the solvent regeneration process at elevated pressure to reduce the CO2
compression ratio and, thereby, the energy consumption of the CO2 compressor. Therefore, HiPACT solvent needed 
to be robust against the high temperatures associated with solvent regeneration at high pressures.   
In addition, JGC and BASF enhanced the CO2 absorption performance, such as the CO2 loading capacity and the 
absorption kinetics, while keeping the deep CO2 removal performance required in LNG plants. The improved CO2
absorption performance also reduces the energy demand in the AGRU. 
HiPACT also greatly reduces the capital cost of a CCS system. For a large, conventional AGRU that processes   
1 million tons of CO2 per year, the regenerator overhead system and the CO2 compressor suction require piping 
diameters greater than 40 inches, which significantly increases plot area and overall plant costs. With HiPACT, 
these piping sizes, and thereby the plot area and overall plant costs, can be reduced. Further, if a centrifugal 
compressor is used for the CO2 compression, HiPACT can eliminate the need for a first stage compressor (standard 
compression ratio: 3 to 5 each stage). Moreover, since equipment sizes in AGRU depend mainly on the solvent 
circulation rate, HiPACT can also reduce the equipment sizes and costs of AGRU. 
2.2. Widespread Applications 
Through its ability to produce improved energy efficiency and reduce plant costs, HiPACT contributes not only 
to natural gas plants but also in a wide range of other fields. CO2 removal technologies are widely applied in 
synthesis gas (syngas) plants, including ammonia and oxo synthesis plants. In ammonia plants for example, CO2 is 
removed from the syngas stream prior to the ammonia synthesis process, and especially in the case of urea co-
production, the removed CO2 is compressed and sent to the urea synthesis process. Such applications, which can 
benefit from improvements in CO2 removal and compression efficiency and plant costs, are well suited to benefit 
from HiPACT’s characteristics. 
In recent years, attention has focused on clean coal power concepts, since coal is recognized as an important 
energy source, while its combustion is a significant source of CO2 emissions. One solution is the combination of an 
126 T. Kumagai et al. / Energy Procedia 4 (2011) 125–132
 Author name / Energy Procedia 00 (2010) 000–000 3
Integrated Gasification and Combined Cycle (IGCC) plant with CCS, which is called pre-combustion CO2 capture. 
If IGCC + CCS plants are built, HiPACT can improve the energy efficiency and plant costs of the CCS units. 
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Figure 1.  Concept of HiPACT 
3. Laboratory Test 
At the beginning of the joint development, JGC and BASF directed their efforts toward finding a new solvent, 
focusing on the following properties in preliminary tests: 
- Stability at regenerator operating conditions (i.e., high temperature and pressure) 
- High CO2 absorption capacity 
- High absorption kinetics 
- Low corrosivity  
After a promising new solvent was selected, these performances were evaluated in a pilot plant.   
3.1. Solvent Stability 
The degradation mechanisms of conventional amines in conventional acid gas removal process are well known 
[3]. However, the stability of amine solutions at high temperatures has been reported in only a few papers [4]. These 
papers indicate that the amine degradation rate increases at high temperatures in the presence of CO2.
JGC and BASF conducted a solvent stability test to select a solvent suitable for a high pressure regeneration 
process. The test used an autoclave at 162 deg-C, 0.53 MPaG in the presence of CO2 to simulate regenerator bottom 
conditions. While conventional amines (e.g. MEA, DEA and MDEA) showed immediate decomposition, the new 
solvent showed long term stability against the high temperature, and therefore was judged suitable for use in the 
HiPACT process. Through further detailed stability tests, the most stable solvent was selected as the HiPACT 
solvent. 
3.2. Absorption Performance 
The solubility of CO2 in the HiPACT solvent was measured with a thermostated high-pressure optical cell. The 
results of the total pressure measurements in the HiPACT solvent system were compared to aMDEA™, BASF’s 
state-of-the-art solvent.   
The loading capacity for CO2 is much higher in the HiPACT solvent system than in the aMDEA™ system over a 
range of operating pressures. The HiPACT solvent has a higher loading capacity than the aMDEA™ solvent, so it is 
possible to operate at a lower circulation rate with the HiPACT solvent than with aMDEA™. This will reduce the 
investment and operating costs of a HiPACT system.   
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The absorption kinetics of CO2 in the HiPACT solvent were measured with a laminar jet absorber.  The kinetics 
of the CO2 absorption in the HiPACT solvent system were measured in CO2 unloaded solutions and in solutions that 
contained an amount of CO2 to reproduce a lean loaded solvent.   
The results of the measurements in the laminar jet absorber show an enhanced mass transfer of CO2 into the 
HiPACT solvent, compared to the aMDEA™ system, for both unloaded and CO2 loaded solvents. 
For the HiPACT process it seems to be possible to reduce the height of the absorber when using the new solvent, 
compared to aMDEA™, because of the enhanced mass transfer. Reduced investment costs for HiPACT are one 
consequence of this. 
3.3. Pilot Test 
3.3.1. Description of Pilot Plant 
The pilot plant, constructed at JGC’s laboratory in Oarai, Japan, has a continuous absorption-regeneration column. 
The major dimensions and specifications of the pilot plant and the process flow diagram are presented in Figure 2. 
The hot lean solvent buffer tank (V-8) is installed in the reboiler loop to adjust the residence time of the solvent at 
the regenerator bottom temperature to be comparable to that in an actual plant. The plant was operated under the 
conditions comparable to those of an actual plant in terms of operating temperatures, CO2 loading and holding 
volumes in each compartment. The operating pressure of the regenerator was 0.4 to 0.6 MPaG to observe the effects 
of high pressure regeneration. Treated gas from the absorber and the gas recovered from the regenerator were 
recirculated with a recycle compressor.   
3.3.2. Absorption Performance 
The CO2 loading capacity of the HiPACT solvent was measured in the pilot plant tests. 
Figure 3 shows the relative rich amine CO2 loading of HiPACT in the pilot plant tests compared with aMDEA™. 
The rich amine CO2 loadings of HiPACT are 1.2 to 1.4 times higher than those of aMDEA™ through various CO2
concentrations in the feed gas. These results indicate that the HiPACT solvent has a much higher CO2 loading 
capacity than aMDEA™. 
3.3.3. Long Term Stability 
A long-term stability test was conducted in the pilot plant to verify the stability of HiPACT solvent through a 
long duration of alternating absorption and regeneration. The operating pressure of the regenerator was set at 0.52 
MPaG; and the regenerator bottom temperature, at 161 deg-C. Rich and lean amine CO2 loadings were set to 0.75 
and 0.01 mol-CO2/mol-amine, respectively, by adjusting the CO2 concentration in the feed gas and the hot-oil 
temperature in the reboiler. 
HiPACT solvent was sampled and analyzed periodically during the 2000 hours of the long-term stability test. 
Figure 4 shows the solvent degradation ratio in the test. The horizontal line is the allowable upper limit of the annual 
amine degradation ratio for the pilot test, which is set to keep the change of solvent content at an acceptably low 
level, considering unavoidable solvent replacement in the amine scrubbing system due to solvent vapor losses, 
operational losses and compensating refills of fresh solvent. 
The test results indicate that amine degradation was within the acceptable range and that, therefore, the 
absorption performance of the HiPACT solvent was stable during the test. 
3.3.4. Material Corrosion 
Corrosion tests for the solvent were conducted using the pilot plant. Test coupons made of carbon steel, Type 
304L and Type 316L were installed in the pilot plant and were tested for 47 days. The corrosion rates of all 
materials, in both rich and lean HiPACT solvent, were negligible (i.e., less than 0.06 mm/yr). 
These test results show that the corrosivity of the HiPACT solvent is low and comparable to that of conventional 
solvents. Therefore, construction materials can be selected using the same practices as in conventional processes. 
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Figure 3.  Relative Rich Amine CO2 Loading in the Pilot Plant Test 
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3.4. Simulation of Solvent Stability 
The solvent degradation rate was 
represented as a function of CO2 loading, 
temperature and residence time based on 
results of solvent stability tests in batch 
scale. A simulator of solvent degradation 
was structured to predict the degradation 
rate of the solvent depending on a variety 
of process configurations and operating 
conditions. 
Solvent degradation in the pilot plant 
operation was calculated using the 
simulator. The simulation result of the 
pilot plant showed that the solvent 
stability matched well with the long term 
stability test (Figure 4). The simulator will 
be further developed and utilized for the 
design of the HiPACT process.  
Figure 4.  Simulation Result of Pilot Plant 
4. Case Study 
The HiPACT solvent has greater stability at high temperatures and a higher absorption performance than a state-
of-the-art technology, BASF’s aMDEA™. A case study was conducted to estimate how much HiPACT can reduce 
CO2 recovery costs. 
4.1. Study Basis 
4.1.1. Study Scope 
A grassroots natural gas plant was assumed for the study. The plant comprised AGR (Acid Gas Removal) and 
CO2 compression units, which were the study scope as shown in Figure 5. 
The AGR unit comprised a CO2 absorber, a CO2 stripper with reboiler and OVHD condenser, an HP flash 
column, a lean/rich heat exchanger, a lean amine cooler and a solvent circulation pump. The CO2 compression unit 
comprised a gas-turbine driven centrifugal CO2 compressor with an inter-stage cooling system. 
4.1.2.  Study cases and conditions 
There were 2 study cases, Case-1, for aMDEA™ system, with low-pressure regeneration, and Case-2, for 
HiPACT, with high-pressure regeneration. The gross CO2 recovery amount was assumed to be 1.5 million tons per 
year. The hot oil for the reboiler, electricity for the air-fin coolers and pumps and the fuel gas for the gas turbine 
were assumed to be available. The case study conditions are presented in Table 1. 
4.1.3. Study method  
The number of AGR trains was determined by setting an upper limit on the weight of a CO2 absorber based on 
the availability of cranes for construction.   
The train number of CO2 compressors was determined by setting an upper limit on the compressor BHP and the 
1st stage inlet volume based on installation records of centrifugal CO2 compressors. 
CAPEX was estimated using JGC’s in-house cost data. The annual fixed costs were assumed to be 13% of 
CAPEX (i.e., 10% for depreciation and 3% for operation and maintenance). 
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OPEX was estimated based on utility consumptions and annual solvent refill amount. 
The owner’s annual expenditure was the sum of annual fixed costs and OPEX.   
Thus, the net CO2 recovery cost was calculated by the following equation: 
Net CO2 recovery cost [USD/ton-CO2]  = (Fixed cost + OPEX)[USD/y] / Net CO2 recovery rate [ton/y] 
Where,  
Net CO2 recovery rate [ton/y]  = Gross CO2 recovery rate – CO2 emission from AGR & CO2 comp. 
Table 1  Case study conditions  
Study cases
Case-1: aMDEA™ with low pressure regeneration 
Case-2: HiPACT with high pressure regeneration 
CO2 Recovery rate (Gross) 1.5 million tons CO2 per year
CO2 content in raw natural gas 6.8 vol% 
Raw natural gas pressure / temperature 60 barA / 20 degC 
CO2 Compressor discharge pressure 200 barA 
Figure 5.  Scope of Case study 
4.2. Case Study Results 
4.2.1. Process parameters 
Process parameters, such as regeneration pressure, rich solvent CO2 loading and reboiler duty, were optimized for 
each case, as shown in Table 2. Since the CO2 loading capacity of HiPACT solvent is higher than that of aMDEA™, 
the solvent circulation rate and reboiler duty were lower with HiPACT. Thus, with HiPACT, a single AGR train was 
sufficient, while two trains were required with aMDEA™. 
The reduction of the compressor BHP and CO2 volume flow rate because of the high pressure CO2 regeneration 
in AGR with HiPACT, increased the capacity of the CO2 compressor. Thus, a single CO2 compression train was 
sufficient with HiPACT, while two trains were required with aMDEA™. 
Table 2. Process parameters (CO2 recovery Rate: 1.5 million ton/year)  
Item Case-1 (aMDEA™) Case-2 (HiPACT) Item Case-1 Case-2 
Train Number (AGR) 2 1 Solvent Circulation Rate 1.0 (Base) 0.6 
Train Number (CO2 Comp.) 2 1 Reboiler Duty 1.0 (Base) 0.9 
Regeneration Pressure 1.7 barA 5.7 barA Compressor BHP  1.0 (Base) 0.7 
Rich Solvent CO2 Loading 1.0 (Base) 1.6 
4.2.2. Cost parameters 
The results of the case study are presented in Table 3.  
The higher absorption performance of HiPACT resulted in a lower solvent circulation rate and, thereby, greatly 
improved the AGR economics (i.e., a 26% reduction of the owner’s annual expenditures). The higher regeneration 
pressure of HiPACT resulted in a reduction of compressor stage numbers and a lower power input and, thereby, 
greatly improved the CO2 compression economics (i.e., a 34% reduction of the owner’s annual expenditures). 
Overall, HiPACT achieved a 28% cost reduction. Further, HiPACT’s reduced energy consumption resulted in 
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reduced CO2 emissions and thereby in a net CO2 recovery rate 11% greater than that with aMDEA™. Combining 
the overall economics and net CO2 recovery rate, the net CO2 recovery cost with HiPACT was 35% lower than with 
aMDEA™.
4.2.3. Sensitivity in CO2 recovery rate 
The CAPEX reduction depends on the CO2 recovery rate, since that determines the number of trains. Thus, for the 
case of 1.0 million tons per year of CO2 recovery for example, the AGR and CO2 Compressor units are single trains 
for both, aMDEA™ and HiPACT, and the reduction of the net CO2 recovery cost for HiPACT is, therefore, 
somewhat lower than in the case of 1.5 million tons per year. However, even in this case of 1.0 million tons per year 
of CO2 recovery, HiPACT has still a 25% lower CO2 recovery cost than aMDEA™. 
Table 3. Cost parameters (Gross CO2 recovery rate = 1.5 million tons/year)  
Case-1 (aMDEA™) Case-2 (HiPACT) 
AGR Comp. Total AGR Comp. Total 
Annual fixed Cost  (relative value) *1) 0.44 0.19 0.64 0.29 0.13 0.42 
OPEX  (relative value) *1) 0.31 0.05 0.36 0.26 0.03 0.30 
Owner’s annual expenditure (relative value) *1) 0.75 0.25 1.00 0.56 0.16 0.72 
Cost saving from Case-1 [%] - - - -26% -34% -28% 
CO2 emission [10
6 tons/year] 0.34 0.15 0.49 0.28 0.10 0.38 
Net CO2 recovery [10
6 tons/year]   1.01   1.12 
Improvement of net CO2 recovery  [%]   -   +11% 
Net CO2 recovery cost (relative value) 
*2)   1.00   0.65 (-35%)
*1) Owner’s annual expenditure (Fixed cost + OPEX) for Case-1 = 1.00. 
*2) Net CO2 recovery cost for Case-1 = 1.00 
5. Development Schedule 
The development schedule of HiPACT was divided into 4 phases, and Phase 1 as a basic experiment and Phase 2 
as pilot test have been successfully completed. It is now in the demonstration phase (Phase 3) prior to the 
commercialization from 2012. JGC and BASF are jointly carrying out a demonstration test. The test started in 
August 2010 using a gas field in Japan. The site is provided by courtesy of INPEX. 
6. References 
[1] IPCC special report on Carbon Dioxide Capture and Storage, 2005 
[2] F. Ito, Session 3 of SPE Applied Technology Workshop on Carbon Management, February 2009 
[3] Kohl, A., Nielsen, R., “Gas Purification Fifth Edition”, Gulf Publishing Company, 1997 
[4] Chakma, A., Meisen, A., Canadian Journal of Chemical Engineering, 75, 861-871 (1997) 
132 T. Kumagai et al. / Energy Procedia 4 (2011) 125–132
